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Statement  of  Problem  Studied: 

The  objective  of  the  study  was  to  establish  whether  or  not  it  is  possible  to  use  (3- 
eucryptite  to  make  a  transformation  toughened  composite.  The  approach  was  to  add 
particles  of  (3-eucyrptite  to  an  inert  ceramic  matrix,  press  and  sinter  to  high  density,  and 
conduct  mechanical  properties  tests.  The  mechanical  testing  included  Vickers 
indentation  tests  to  qualitatively  evaluate  crack  paths,  and  notched  four  point  bend 
tests. 

The  concept  was  based  on  a  recent  observation  that  (3-eucryptite  composites  exhibit  a 
unique  phenomenon  in  which  particles  are  ejected  from  the  surface  when  the  material  is 
indented  with  a  sufficient  load.  A  pressure-induced  phase  transformation  was  reported 
to  occur  in  (3-eucyrptite  [1,2],  and  it  is  hypothesized  that  the  transformation  is  involved  in 
causing  particle  ejecta.  The  present  work  seeks  to  utilize  the  transformation  by 
promoting  it  during  cracking,  thereby  toughening  a  ceramic. 


Summary  of  the  Most  Important  Results: 


Progress  was  made  to  establish  that  a  transformation  is  indeed  involved  when  (3- 
eucryptite  composites  are  indented  with  any  kind  of  indenter.  This  was  written  and 
published  in  one  of  the  papers  for  this  project. 

Composites  comprising  (3-eucryptite  particles  contained  within  a  ZrC>2  matrix  were  made 
by  mixing  powders,  and  hot  pressing.  The  (3-eucryptite  was  provided  by  CoorsTek.  It 
contained  about  15  vol.  %  of  a  second  phase,  lithium  aluminate  (LiAI508),  according  to 
x-ray  diffraction  and  SEM.  Our  efforts  to  produce  pure  (3-eucryptite  were  not  successful 
in  the  time  period  of  this  project.  Three  different  particle  sizes  were  used;  these  were 
made  by  grinding  and  sieving  (3-eucryptite.  Densities  achieved  were  relatively  high,  but 
specimens  with  the  larger  (3-eucryptite  particle  sizes  cracked  extensively  around  the 
particles.  SEM  images  of  the  indents  and  the  associated  cracks  formed  are  shown  in 
Figures  1  and  2  for  pure  Zr02,  and  for  one  of  the  composites  produced.  It  is  apparent 
that  significant  crack  deflection  occurs  when  (3-eucryptite  particles  are  present  in  the 
Zr02,  and  such  deflection  suggests  toughening  is  operative.  The  measured  crack 
length,  a  representation  of  the  toughness,  was  not  significantly  different  between  the 
various  specimens;  applying  the  Anstis  model  for  toughness,  a  toughness  of  4.1  MPam 
1/2  was  determined  for  both  specimens.  However,  because  the  cracking  mechanism 
may  be  different  in  the  two  specimens  (i.e. ,  the  model  used  to  calculate  toughness  may 
be  different),  it  is  not  appropriate  to  compare  the  quantitative  results  at  this  time. 

The  notched  four-point  bend  bars  have  not  been  tested  at  the  time  of  the  writing  of  this 
report. 


Figure  1.  Pure  Zr02  on  left.  Composites  with  10  wt.  %  beta-eucryptite  on  right.  Both  figures  show  a 
crack  emanating  from  the  indent  apparent  in  the  left  side  of  the  figure.  Significant  crack  deflection  and 
tortuosity  is  apparent  in  the  figure  on  the  right,  an  indication  of  enhanced  toughness. 


Figure  2.  In  the  composite  (right  picture),  the  dark  contrast  represents  the  beta-eucyptite  particles  which 
are  clearly  interacting  with  the  crack. 
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